The taxonomic status of strains belonging to the Streptomyces violaceusniger phenotypic cluster, including eight S . violuceusniger strains, three Streptomyces hygroscopicus strains, and the type strains of Streptomyces spursogenes and Streptomyces melunosporofuciens, was evaluated by using DNA relatedness data. The S. violuceusniger strains were separated into seven different DNA homology groups, including four single-member clusters, at a level of DNA relatedness of >70%. S . hygroscopicus NRRL 2387T (T = type strain) clustered with the type strain of Streptomyces endus and several S . violuceusniger strains. The other strains of S. hygroscopicus, S . spursogenes, and S . melunosporofuciens formed single-member homology groups. ) demonstrated that this phenotypic cluster, which contains strains that are different in terms of morphological characteristics, such as spore color and spore surface, is also very heterogeneous from a molecular systematic standpoint (2). A study of levels of DNA relatedness among strains of S. violaceusniger and other related taxa belonging to the S. violaceusniger cluster was initiated to determine whether similar genetic heterogeneity would be observed among strains of this cluster, which is relatively homogeneous in terms of morphology (i.e., all members of the cluster have gray, smooth-or to roughsurfaced spores in spiral chains).
The numerical taxonomic study of the genus Streptomyces by Williams et al. (11) and the Streptomyces chapter in the recently published Bergey 's Manual of Systematic Bacteriology, vol. 4 (lo), delineated the Streptomyces violaceusniger cluster, which contained S. violaceusniger, several Streptomyces hygroscopicus strains, Streptomyces sparsogenes, and Streptomyces melanosporofaciens. A study of levels of DNA relatedness among strains in the Streptomyces cyaneus cluster by Williams et al. (11) demonstrated that this phenotypic cluster, which contains strains that are different in terms of morphological characteristics, such as spore color and spore surface, is also very heterogeneous from a molecular systematic standpoint (2). A study of levels of DNA relatedness among strains of S. violaceusniger and other related taxa belonging to the S. violaceusniger cluster was initiated to determine whether similar genetic heterogeneity would be observed among strains of this cluster, which is relatively homogeneous in terms of morphology (i.e., all members of the cluster have gray, smooth-or to roughsurfaced spores in spiral chains).
MATERIALS AND METHODS
Strains, cultivation, and maintenance. The strains included in this study are listed in Table 1 . The primary storage of strains was as refrigerated ampoules of freeze-dried suspensions of spores and vegetative mycelium in sterile beef serum. Working stock cultures of strains were maintained on agar slants of synthetic-starch agar or yeast extract-malt extract agar (8) and were stored at 4°C until they were needed. Biomass for extraction of DNA was grown as shaken cultures in Fernbach flasks containing tryptoneglucose-liver extract-yeast extract broth (5) .
Purification of DNA and determination of relatedness. DNA was extracted by the method of Marmur (3) after breakage of the cells by passage through a French pressure cell (SLM Instruments, Inc., Urbana, Ill.) at 10,000 lb/in2 and was further purified by hydroxylapatite chromatography. Individual strains yielded 5 to 10 mg of DNA in initial preparations, which was adequate for all of the purposes of this study. The G + C contents of the DNA samples were calcu-* Corresponding author. The data were clustered by the average linkage algorithm (9), using the SAYSTAT CLUSTER procedure, and the dendrogram was generated with SAS/GRAPH, using the SAS macro GRAFTREE written and kindly provided by Dan Jacobs, University of Maryland.
RESULTS AND DISCUSSION
The strains identified as S. violaceusniger are genetically rather heterogeneous, as shown by the DNA relatedness matrix ( Table 2 ) and the resulting dendrogram ( Fig. 1 ). These strains cluster into seven different DNA homology groups at a level of DNA relatedness of >70%, and four of these groups are single-member clusters. The so-called type strain of S. violaceusniger, strain NRRL B-1476, forms a very tight homology group with S. violaceusniger NRRL B-1477, Streptomyces endus NRRL 2339, and S. hygroscopicus NRRL 2387T (T = type strain). S. violaceusniger NRRL B-147gT and ISP 5563 are identical on the basis of their level of DNA relatedness (97%), which is rather surprising since strain ISP 5563 is considered to be equivalent to strain NRRL B-1476 and strains ISP 5563 and NRRL B-147gT both exhibit only approximately 40% DNA relatedness to strain NRRL B-1476. S. hygroscopicus subsp. geldanus NRRL 3602 and S. melanosporofuciens NRRL B-12234T exhibited 38 to 66% DNA relatedness with the strains belonging to both major clusters, indicating that there is less than a species level relationship with either cluster. Streptomyces sparsogenes NRRL 2940T is clearly a distinct species on the basis of its levels of DNA relatedness (<30%) to all other strains used in this study. The four other strains identified as unexpectedly exhibited a high level of DNA homology with strain NRRL B-147gT rather than with strain NRRL B-1476, its reported parent strain. An examination of the Agricultural Research Service Actinomycetales Culture Collection records for lyophilization and distribution of strains revealed that these two strains were lyophilized on the same day in 1958 and apparently were switched. The ampoule submitted to E. B. Shirling for the ISP was from this lot of ampoules. When these strains were relyophilized in 1976 from the oldest existing ampoules in the collection, the error was corrected, but the strain described in the ISP literature is clearly not the type strain. Other cultures of the type strain of S. violaceusniger were kindly provided by Robert Gherna, American Type Culture Collection (strain ATCC 27477), Reiner Kroppenstedt, Deutsche Sammlung von Mikroorganismen und Zellkulturen (strain DSM 40563), and T. Kudo, Japan Collection of Microorganisms (strain JCM 4092). The levels of relatedness between DNAs from these strains and strains NRRL B-1476 and NRRL B-147gT were determined ( Table 3) . The results are not surprising because the other culture collections received their reference material directly from the ISP.
In light of these results, it is most appropriate to designate strain NRRL B-1478 the type strain of S. violaceusniger, since it is the isolate that was actually used for description of this taxon in the ISP and has genetic identity with the type material in other culture collections. Strains NRRL B-1865 and NRRL B-1356 can also be considered members of S. violaceusniger on the basis of their levels of DNA relatedness, although the reduced levels of homology with the type strain might indicate a subspecies relationship.
S. violaceusniger NRRL B-1476 and NRRL B-1477, which exhibit high levels of DNA relatedness with the type strain of S. hygroscopicus, should be placed in the latter species. Moreover, these strains also exhibit phenotypic similarity to S. hygroscopicus in that they do not utilize raffinose or sucrose as a sole carbon source for growth, while S. violaceusniger strains do utilize these carbon sources.
S. endus is included as a subjective synonym in the revised description of S. hygroscopicus.
On the basis of the DNA relatedness data, S. melanosporofaciens and S. sparsogenes should still be considered distinct species, not subjective synonyms for S. violaceusniger (10). The data also suggest that S. hygroscopicus subsp. geldanus should be elevated to species level, although further studies of levels of DNA relatedness among other strains of S. hygroscopicus and its subspecies will be necessary to clarify the relationships among strains.
Emended descriptions of S. hygroscopicus and S. violaceusniger are given below. Melanoid pigments are not formed, and soluble pigments are not produced, although dark discoloration may be observed beneath hygroscopic areas.
The following carbohydrates are utilized for growth: D-glucose, L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, and rhamnose. Sucrose and raffinose are not utilized for growth.
The G+C content of the DNA is 70.2 to 71.9 mol% (as determined by the T , method).
The type strain is strain NRRL 2387. Spirales; the spore surface is smooth to rough. The spore mass is gray, becoming black and moist when it is mature. The reverse side of colonial growth is grayish yellow or light olive green to dark olive to dark grayish green.
Melanoid pigments are not formed, and soluble pigments are not produced.
The following carbohydrates are utilized for growth: D-glucose, L-arabinose, D-xylose, i-inositol, D-mannitol, D-fructose, rhamnose, sucrose, and raffinose.
The G+C content of the DNA is 71.2 mol% (as determined by the T, method).
The type strain is strain NRRL B-1478.
